Thirty-nine volatile compounds identified in hydrodistilled essential oil (HD) of Egyptian parsley, representing 97.87% of the total oil, while solid-phase microextraction (HS-SPME) revealed 16 components constituting 96.54% of the volatile material. Monoterpenes were the predominant in both extracts with considerable quantitative differences, while a dramatic decrease in myristicin from 26.21% in HD extract to 4.87% in HS-SPME extract occurred. Myristicin, β-phellandrene and myrecene were the major components among 38 identified components accounting for 92.87% of the total identified volatiles in Madinah hydrodistillate. Parsley essential oil of Madinah exhibited a higher scavenging ability for 2,2ʹ-diphenyl-1-picrylhydrazyl in comparison to Egyptian parsley oil.
Introduction
Antioxidants are important in the food industry, and thus manufacturers have strived to produce high-quality foods with superior texture, color, flavor, and nutritional values with extended shelf-life period. However, many foods are subject to various factors that lead to quality deterioration. One of the most undesirable factors is lipid autoxidation. The need for protecting food against oxidative degradation has prompted the wide usage of food additives. [1] Although there are some synthetic antioxidant compounds available for this purpose, such as butylated hydroxytoluene and butylated hydroxyanisole, these compounds are associated with some adverse side effects. Alternatively, many herbs and spices that are commonly used to flavor dishes are excellent sources of phenolic compounds, which have been reported to show good antioxidant activity. [2] Parsley (Petroselinum crispum Mill., family Apiaceae) is a typical seasoning used in the Mediterranean and Middle East regions, and is consumed in large quantities as ingredients in various dishes and food preparations. Other reported traditional uses of parsley as a medicinal and food plant commonly used to flavor the cuisines of China, Mexico, South America, India, and Southeast Asia. As a well-known resource for aromatic leaves and roots, parsley also is a raw material for the production of resinoids, oleoresins, and lipids, such as palmitic, oleic, linoleic, and petroselinic acids. [3] Fresh, dried, and dehydrated parsley leaves are used as condiments, garnishes, and flavoring ingredients. Essential oil can be extracted from the leaves and seeds of parsley, which is used as a flavoring agentor fragrance in perfumes, soaps, and creams. The commercial essential oils of parsley are largely derived from the seeds or the herbs harvested at seed formation prior to ripening. [4] Aziz et al. [5] and Sabry et al. [6] studied the Egyptian hydrodistillate oils of parsley, and identified phenylpropanoids and terpenes as the major constituents; however, there are no reports of the antioxidant activities of these oils. Many medicinal plants, including parsley, are cultivated in the Arab peninsula, which is separated from Egypt by the Red Sea, but neither their chemical constituents nor bioactivities have been studied to date.
Different techniques are used for volatile extraction, such as hydrodistillation (HD), solvent extraction, static headspace (HS) extraction, and supercritical fluid extraction (SFE). However, there were negatives, e.g. solvent extraction which results in the recovery of non-volatile compounds, [7] and SFE extraction which can provide reliable and efficient recovery but the expensive cost makes it limited for commercial applications. Moreover, suspicious results can be obtained by hydro-or steam-distillation, [8] whereas monoterpenes may be susceptible to chemical changes during thermal treatments of HD or evaporation during solvent extraction. [9] HS analysis offers a potentially rapid method to extract volatiles and requires very little plant material, but is associated with a risk of cross-contamination and has low sensitivity, as complete recovery is only possible for highly volatile materials. [10] Solid-phase microextraction (SPME) is an alternative technique to the traditional HS extraction, which has been successfully applied qualitatively and quantitatively for the analysis of various food samples, and flavors and aromas of many medicinal plants, but has not been applied to parsley cultivated in Egypt or Arab peninsula. Therefore, the aim of the present study was to compare the volatile constituents of parsley cultivated in Madinah Monawara, Kingdom of Saudi Arabia (KSA), and Egypt, using the HD and HS-SPME extraction techniques, as well as to determine the antioxidant activity of the essential oils extracted by HD.
Material and methods

Plants and chemicals
The fresh green parts of parsley (P. crispum) were purchased from a central market for fruits and vegetables in Madinah, Saudi Arabia, while the Egyptian samples were purchased from a vegetable market in Gizain August 2014. The botanical identification was made by a taxonomist at the Department of Botany, Faculty of Science, Zagazig University. Diethyl ether and methanol were purchased from Fisher Chemicals. The mixture of n-alkanes C 6 -C 26 , authentic compounds, sodium bicarbonates, linoleic acid (≥99%), Tween 40, β-carotene (≥97%), Folin -Ciocalteu reagent for total phenolics, 2,2ʹ-diphenyl-1-picrylhydrazyl (DPPH), and gallic acid were obtained from Sigma Aldrich Chemical Co. (St. Louis, MO, USA).
Essential oil extraction by hydrodistillation (HD)
Fresh leaves of both types of parsley (100 g) in three replicates that were cut into small pieces (l × 1 cm) were subjected to HD for 3 h, using a Clevenger-type apparatus, according to the method of El-massry et al. [11] The extracted essential oils were dried using anhydrous sodium sulfate and stored in airtight glass vials covered with aluminum foil at -20°C until analysis.
Headspace solid-phase microextraction (HS-SPME)
The dried leaves of parsley were cut into 1-2-cm-long pieces before being subjected to SPME. Two grams of leaves were introduced into a 20-mL SPME vial. The SPME device coated (fused-silica fiber) with a 100-µm layer of polydimethylsiloxane (Supelco, Bellefonte, PA, USA) was used for extraction of the plant volatiles, and the vial was sealed with a silicone septum. The samples were exposed to the SPME vial at 60°C for 30 min and immediately introduced in the gas chromatography injector. The above method was reported and optimized by many authors. [12] [13] [14] [15] Gas chromatography-mass spectrometry (GC-MS)
The components of the essential oil obtained by HD and the volatiles trapped by SPME fibre were analyzed using a GC-MS apparatus. Separation was performed on a Trace GC Ultra Chromatography system (Thermo Scientific, USA) equipped with an ISQ-mass spectrometer (Thermo Scientific, USA) with a 60 m × 0.25 mm × 0.25-µm-thick TG-5MS capillary column (Thermo Scientific, USA). The column separation was programmed from 50°C with a holding time of 3 min, and then the temperature was increased at a rate of 4°C per min to 140°C with a holding time of 5 min, and was then increased at a rate of 6°C per minute to 260°C for a 5-minisothermal hold. The injector temperature was 180°C, the ion source temperature was 200°C, and the transition line temperature was 250°C. The carrier gas was helium with constant flow rate 1.0 mL min −1 . The mass spectrometer had a scan range from m/z 40 to m/z 450, and the ionization energy was set at 70 eV. The identification of compounds was based on matching with the MS computer library (NIST library version 2005) and comparison with those of authentic compounds and published data. [16] The relative percentage of the oil constituents was calculated from the GC peak areas. Kovat's index was calculated for each compound, using the retention times of a homologous series of C 6 -C 26 n-alkanes. [16] Antioxidant activity measurements
DPPH radical scavenging assay
The potential antioxidant activity of P. crispum oils was assessed according to the methods reported by Hatano et al. [17] in comparison to a synthetic antioxidant used in food industry, tert-butylhydroquinone (TBHQ). The absorbance was measured at 517 nm using a spectrophotometer (Evolution 300 Thermo UV-VIS); all tests were run in three replicates and the results were averaged.
β-carotene bleaching assay
The antioxidant activity of the aqueous solution was determined using a β-carotene/linoleic acid system, as described by Taga et al. [18] in comparison to TBHQ. The absorbance was measured at 470 nm over a 60-min period.
Total phenolic content
The total phenolic content of the essential oils obtained from P. crispum was determined using the Folin-Ciocalteu reagent according to a modified method of Singleton et al., [19] using gallic acid as the standard. The reaction mixtures were incubated in a thermostat at 45°C for 45 min before the absorbance at 765 nm was measured.
Statistical analysis
Statistical analyses were performed using SPSS software version 16. The data were expressed as mean ± SD.
Results and discussion HD of P. crispum provided a yellow liquid ranging from 0.28 ± 0.08% of the Egyptian essential oil to 0.21 ± 0.05% of the Madinah essential oil. Thirty-nine compounds were characterized in the Egyptian essential oil, representing 97.87% of the total oil (Table 1, Figure 1(a) ). Myristicin, which is a phenylpropanoid, was found to be the most abundant volatile oil component (26.41%), followed by monoterpene hydrocarbons, e.g., β-phellanderene (11.61%), α-phellandrene (10.54%), 1,3,8-p-menthatriene (9.41%), p-cymene (8.63%), myrcene (6.12%), α-pinene(1.79%), and p-cymene (1.09%). These results agreed with the findings of Aziz et al., [5] who found thatmyrsticin, β-phellanderene, and α-phellandrene were the major components of parsley essential oil, but not 1,3,8-p-menthatriene, which is likely due to differences between winter and summer parsley. [20] In addition, Macleod et al. [21] reported 45 volatile compounds from parsley leaves, and the most abundant components were identified as myristicin (20.6%), apiole (18.3%), α-phellandrene (12.4%), and p-1,3,8-menthatriene (9.2%).
Sabry et al. [6] studied different cultivars of parsley essential oils, including soft, Italian clause, rough clause, curly, and leaf parsley. Their results for essential oils of plain leaf parsley were most similar to our findings but with higher percentages of bisabolene (14.19%) and carotol (5.7%) owing to cultivation in winter. Again, myristicine was identified as the major component in parsley essential oils by Hassanpourghdam [22] in the northwest of Iran and by Zhanget al. [23] in Jiangsu Province, China. However, both studies showed that the major monoterpenes constituents were α-pinene, followed by Identification by comparison with data obtained from the NIST mass spectra library. n.d: not detected β-pinene. Such discrepancies with the results of the present study are likely due to the environmental differences among the regions. [24] According to our literature search, there has been no report on the chemical constituents of parsley essential oils cultivated in the KSA. Saudi Arabia constitutes the major area of the Arab peninsula and is separated from Egypt by the Red Sea. Cultivation is one of the major activities in Madinah, including many famous crops such as parsley. As shown in Table 1 and Figure 2(a) , the HD essential oil of Madinah parsley is characterized by the dominant presence of myristicine (20.7%), β-phellandrene (17.45%), myrcene (11.42%), p-cymene (8.95%), and 1,3,8-p-menthtriene (6.64%). In comparison to that in the essential oil of Egyptian parsley, there were considerable increases in the concentrations of myrcene, β-phellandrene, and trans-carvone oxide in the Madinah essential oil, whereas concentrations of α-phellandrene, 1,3,8-p-menthatriene, and myrsticine showed significant decreases, but were still dominant among the identified volatiles (Figure 3 ). In addition, some compounds could be identified only in the Madinah parsley essential oil, such as cispinocarveol (2.8%), p-methyl guaiacol (2.14%), 2-bornanol, 2-methyl (4.09%), and linalool (0.76%). A recent study on the most potent odorants of parsley showed that 17 compounds contribute to the unique aroma of the cultivar. [25] The authors reported that p-1,3,8-menthatriene, myrcene, 2-secbutyl-3-methoxypyrazine, myristicin, linalool, 6-decenal, and 3-hexenal were the characteristic impact flavor compounds of parsley.
Growing location, agronomical practices, as well as environmental conditions affect the composition of important sensory compounds and may be responsible for the disappearance of some components. [26] [27] [28] This suggests that the differences in environmental, climatic, and geographic conditions between Giza, Egypt and Madinah (Table 2 ) likely contribute to the observed variations in the chemical constituents of essential oils from the parsley samples obtained from the two regions in this study. [29] Sixteen and 23 volatile constituents extracted by HS-SPME were identified in the Egyptian and Madinah parsley, respectively, by GC-MS (Table 1, Figure 1(b), 2(b) ). Dramatic quantitative changes could be noted between the SPME and hydrodistilled essential oils for both regions, where a higher content of monoterpenes could be identified among parsley volatiles of both Madinah and Egypt adsorbed by SPME (Figure 3 ). 1,3,8-p-Menthtriene (39.76%), myrcene (20.07%), and α-phellandrene (19.11%) were the predominant volatile compounds of Egyptian parsley, whereas β-phellandrene (31.83%), 1,3,8-p-menthatriene (29.1%), and myrcene (26.42%) were identified as the major adsorbed volatiles from Madinah parsley. Sesquiterpenes, such as bornyl acetate and α-ionone could be identified in the SPME compounds, but were found in lower amounts in comparison to the hydrodistillates at 0.15% and 0.07%, respectively, in Egyptian parsley, and at 0.03% and not detected, respectively, in the Madinah parsley (Table 1 and Figure 3) . The myrsticin concentrations dropped to 4.87% of the Egyptian parsley and 5.54% of the Madinah parsley adsorbed volatiles.
In comparison to the HD technique, HS-SPME analysis is a more simple, rapid, and economic procedure, which is currently widely used for studying the volatile chemical constituents of aromatic plants without essential oils. Such quantitative variation in the parsley volatile constituents extracted by HD and HS-SPME is likely due to the key differences in these extraction techniques. During HD, steam and oil vapors were condensed to form two main layers: hydrosol and essential oil. However, the use of this technique for the subsequent determination of the oil chemical composition is controversial, because of the possible transformation of aroma-active compounds by variations in heat, steam, and pH. [30] Losses and degradation of some volatile compounds due to long extraction times and the degradation of unsaturated or ester compounds through thermal or hydrolytic effects are the principal disadvantages of this extraction method. [31, 32] Zheljazkov et al. [33] reported that HD extraction time negatively affected the low boiling point of the essential oil constituents, e.g., α-pinene, myrcene, and phellandrenes, whereas in HS-SPME, the affinity of compounds toward fiber is responsible for volatiles monitoring without any reported negative artifacts. [34] The antioxidant activity of the essential oils of parsley cultivated in Egypt and Madinah was tested by evaluating the DPPH radical scavenging activity and by a β-carotene-linoleate bleaching assay. The recorded activities are presented in Table 3 , where lower half-maximal inhibitory activity (IC 50 ) [23] However, the Madinah essential oil exhibited higher scavenging ability for DPPH (IC 50 = 1.48 mg mL ). In accordance with the above findings, the Madinah essential oil showed a higher inhibitory effect toward the oxidation of linoleic acid and the subsequent bleaching of β-carotene (47.3%) in comparison to the Egyptian oil (30%). According to Zhang et al., [23] antioxidant activity in parsley essential oil is due to apiol, which is described as the major contributor to the antioxidant activity of this oil, followed by myristicin, which exhibited moderate activity.
The presence of some exclusive phenolic compounds in Madinah parsley essential oil, e.g. carveol, methyl guaiacol, and monoterpenes as linalool, may be responsible for the higher antioxidant activity observed. Phenolic compounds are commonly used nowadays as natural antioxidants owing to their good bioactivity. [35] Pripdeevech et al. [36] reported the antioxidant activity of pure phenolic compounds, e.g. linalool, demonstrating their higher performance for DPPH scavenging in comparison to many extracted essential oils. However, there is no report of the bioactivity of parsley essential oil in either Egypt or Madinah. Al-Juhaimi and Ghafoor [37] studied the antioxidant activity as well as the total phenolic content in leaf and stem extracts of parsley cultivated in Riyadh, KSA (≥1.02 mg GAE100 mL −1 ), and the phenolic content was lower than that of both oils in the present study (13.1 mg GAEmL −1 for Madinah oil and 3.2 mg GAE mL −1 for Egyptian oil; Table 3 ). Again, such higher phenolic content in the Madinah essential oil is likely responsible for the higher scavenging effect as well as the lower IC 50 value with respect to those of the Egyptian oil.
Conclusions
In the present study, a comparative analysis of the volatile compounds of parsley (P. crispum) cultivated in Madinah Monawara and Egypt by HD and HS-SPME followed by GC-MS was conducted. Quantitative and qualitative differences were observed between both hydrodistillates due to geographic and environmental variations. In addition, the different extraction techniques applied resulted in respectable differences, with variations in the percentages and nature of the compounds adsorbed on the SPME fiber in comparison to the hydrodistilled essential oils. In addition to the presence of more volatiles with antioxidant activity, the Madinah essential oil showed a higher phenolic content in comparison to the Egyptian oil, which led to its higher scavenging ability as well as a greater inhibiting effect toward the oxidation of linoleic acid.
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